The paper describes first completely autonomous measurement system based on transmission-reflection analysis (AMS-TRA). The autonomous system utilizes simple optical scheme with 2 mW Fabry-Perot diode laser and original data acquisition and processing system. The location of the loss region is determined from unique relationships between normalized transmitted and Rayleigh backscattered powers for different positions of the disturbance along the test fiber. Accuracy, temporal and thermal stability of the autonomous system with 5.6 km-length test fiber were investigated. The paper also presents the preliminary results of the autonomous measurement system implementation for gasoline leak detection and localization.
INTRODUCTION
The distributed bending-based fiber optic sensors are very attractive for the measurement of pressure, temperature, displacement, etc., where the measurand is associated with a lateral deformation of the fiber [1] [2] [3] . The regions where light losses occur due to bending are usually localized by means of optical time-domain (OTDR) [1] or frequency domain reflectometry. The latter uses both coherent (COFDR) [4] and incoherent (IOFDR) [5] [6] techniques. All these methods utilize time-or frequency-modulated light sources that allow to localize a number of perturbations along the test fiber simultaneously. Meanwhile, for some applications, it is important to detect and localize only rare but hazardous alarm condition which typically occurs as a single infrequent event, such as a pipe leak, fire or explosion.
Recently, the authors have reported a novel effective and potentially inexpensive method for localization of a loss-inducing perturbation in a few meter [7] -and a few km-length [8] [9] optical fiber, based on the measurement of transmitted and reflected, or Rayleigh backscattered powers of an unmodulated light source. The method can be implemented for the detection of one or several temporally successive, alarm-like perturbations.
This paper presents first completely autonomous measurement system based on transmission-reflection analysis (AMS-TRA). In the first two parts of the paper we present design of the AMS-TRA and discuss localization errors with this method. In the next parts of the paper we examine the thermal stability of the equipment and present experimental results.
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AUTONOMUS MEASUREMENT SYSTEM DESIGN
The schematic diagram of AMS-TRA prototype is shown in Fig. 1 . CW light emitted by a FP laser operating in few longitudinal modes at 1550 nm with a total linewidth of few nm was launched into a standard single mode test fiber SMF-28 through 3 dB coupler. The launched optical power was about 1 mW, and the measured with OTDR attenuation coefficient of the test fiber was equal to 0.19 dB/km. The APC connectors were used to cancel back reflections influence on the FP laser. Three power detectors with specially designed preamplifiers and filters were used to measure the transmitted (T), Rayleigh backscattered (R), and laser (L) powers. After digitization data transferred to PC via USB interface. The data acquisition, signal processing, and the indication of the event location on the map is done by specially designed software. Fig.2 shows the overview of AMS-TRA system with short peace of sensing cable for hydrocarbon leak detection. 
LOCALIZATION ERRORS WITH AMS-TRA
The noise from the photodetectors, variations of the Rayleigh-scattered light, and signal change due to light interference from even weak reflection in the optical system cause errors in the calculation of the distance to the fiber segment where the additional loss occurs. Here the analysis of these errors is presented. As shown in [8] [9] the power reflection coefficient of each Rayleigh scattering fiber segment can be calculated as:
where α s is the attenuation coefficient due to Rayleigh scattering, α is the total attenuation coefficient of the test fiber, δL is the length of the fiber segment, and recapture factor S for the single-mode step index fiber is defined as:
where b depends on the waveguide property of the fiber and is usually in the range of 0.21 to 0.24 for single-mode stepindex fiber, n 1 and n 2 are the refractive indices of the fiber core and cladding respectively.
Let us assume that a loss induced by a perturbation takes place at distance l from the beginning of the test fiber. Introducing a parameter S α = S(α s /2α), the transmission and backscattering coefficients of plain fiber section can be written as T = exp(-αl) and R = S α [1-exp(-2αl)] respectively. The short fiber piece is affected by a monitored condition so that it introduces light loss and has a transmission T S ≤ 1. Let us assume that the scattering is relatively weak and the portion of the scattered light is very small. This allows us to simplify the analysis, neglecting multiple scattering in both directions. The Fresnel reflections with coefficients r 1 and r 2 from the fiber source-and remote-ends, respectively, have to be taken into account, because even a weak reflection can be comparable to the back scattering. However, we can assume that r 1,2 <<1 and neglect multiple reflections as well. In this case, the transmission T and back-scattering R coefficients of this optical system can be written as where L is the total sensor length. Further simplification of R yields Normalized coefficients are defined as T norm = T/T max and R norm = R/R max , where T max and R max can be evaluated from the above equations when T S = 1. This leads to:
The relationship between the normalized transmitted T norm and Rayleigh backscattered R norm powers can be found from Eqs. (6) - (7):
Neglecting Fresnel reflections from both fiber ends (r 1 = r 2 = 0) we can express the location of the perturbation as: where δR norm and δΤ norm standard deviations of normalized reflected and transmitted powers, respectively.
Let us assume that errors for T max and R max were significantly less than ones for T and R, because an averaging time for an initial measurements can significantly exceeds the averaging time at normal-mode regime. For independently measured reflected and transmitted powers the error in location can be found as: Substituting (13-14) in (12) and using (9) we can obtain: As we can see the location error depends on the distance where the perturbation takes place. The accuracy of localization of excess loss strongly depends on the value of the induced loss. With the TRA method, it is easier to localize strong perturbations, but the localization of a weak perturbation requires more accurate measurements of the transmitted and Rayleigh backscattered powers. 
THERMAL STABILITY
As we found experimentally, considerable problem with AMS-TRA prototype is related with ambient temperature influence. Fig. shows the variation of the measurands T norm , R norm and L norm during 14 hours. Here L norm is directly measured FP laser intensity (see Fig.1 ) normalized on its initial value. Smallest variations of the measured values were recorded during the night when the temperature was stable (see Fig. 4 ). Fig .5 shows the variations of the measurands due to local temperature variations on 10°C at different locations inside AMS-TRA. As we found one of the most critical parts are connectors. Note that it is possible to eliminate this problem by using special temperature insensitive connectors or splicing fibers. 
EXPERIMENTAL LOCALIZATION ERROR MEASUREMENTS
To estimate the accuracy of the localization of perturbation with AMS-TRA prototype, we induced gradually increasing perturbations near source-and remote-end of the test fiber. Fig.6 shows variation of measured perturbation location with change of losses. Variation about ±2 m for the location of the disturbance was recorded for the strong losses that exceeds 3dB. The measurands became stable only after 0.5 hour (see Fig.7 ) when the temperature inside the prototype box stabilized. 
CONCLUSION
We have designed completely autonomous measurement system based on transmission-reflection analysis. We have demonstrated that the AMS-TRA prototype allows the localization of loss-inducing perturbation along a 5.6 kmlength sensing fiber with few meters error for the losses that exceeds 3dB. We believe the proposed technique will be very attractive for the eventual realization of a compact and inexpensive distributed alarm fiber optic sensor.
